AD-A091  411  AIR  FORCE  INST  OF  TECH  WRIGHT-PATTERSON  AFB  OH 
readability  of  electronic  DISPLAYS. CU) 

1979  R  E  WINKLER 
UNCLASSIFIED  AFIT-CI-79-237T 


F/G  14/2 
NL 


X 


DDC  FILE  COPY  AD  A091411 


U  NCI.  ASS 


S^CURyVv  CLASSIFICATION  OF  THIS  PAPE  fWhbn  Dme^Enfrvd) 


REPORT  DOCUMENTATION  PAGE 


READ  INSTRUCTIONS 
BEFORE  COMPLETING  FORM 


t  report  number 

79-237T 


7 


2  GOVT  ACCESSION  NO 


J  REC 


mficli  >HL 


4.  TITLE  (end  Subtitle!  .  - - —  .  — - , 

Readability  of  Electronic  Displays  I 


r-. 


nPiFrT,g  r*TAt  t 


0 


5  TYPE  OP  REPORT  A  PERIOD  COVERED 

THESIS/DISSERTATION 


6.  PERFORMING  ORG.  REPORT  NUMBER 


7.  AUTHORf^L. 


6.  CONTRACT  OR  GRANT  NUMBERS 


CaptlRobert  E.^Winkler  j 

TB\ . ~~ . " 


9.  PE RFoAmUMT ORGANIZATION  NAME  AND  ADDRESS 

afit  student  AT:  Kansas  State  University 


+r  J*  .  ' 

f>r  *  -A  "-^z 


10.  PROGRAM  ELEMENT.  PROJECT,  TASK 
AREA  A  WORK  UNIT  NUMBERS 


AM*  i  « 

(J$  -  A/ 


II.  CONTROLLING  OFFICE  NAME  ANO  ADDRESS 


12.  R 


AFIT/NR 
WPAFB  OH  45433 


U.  MONITORING  AGENCY  NAME  A  AOOR 


IS.  SECURITY  CLASS,  (ol  I  hit  report) 

UNCLASS 


IS*.  DECLASSIFICATION/ DOWN  GRADING 
SCHEDULE 


■6.  DISTRIBUTION  STATEMENT  (ol  thl*  Report) 

APPROVED  FOR  PUBLIC  RELEASE;  DISTRIBUTION  UNLIMITED 


17.  DISTRIBUTION  STATEMENT  (ol  the  ebetrect  entered  In  Block  20,  II  dlllerent  (root  Report) 


S 


I  .  ’*■' 

- 

vs  \o 


16.  SUPPLEMENTARY  NOTES 


APPROVED  FOR  PUBLIC  RELEASE:  IAW  AFR  190-17 

25  SEP  1980 


MIC  C  LYNCH  Majoc  USAF 
Director  of  Publie  Aifairi 

Air  Force  Institute  of  Technology  (ATC) 

Wright-Patterson  AFB,  OH  45433 


99.  KEY  WORDS  ( Continue  on  revareo  aide  It  neceeaory  and  identity  by  block  number) 


20.  ABSTRACT  (Continue  on  reverae  tide  It  neceaaary  and  Identity  by  block  number) 


ATTACHED 


DD  I  JAN*7»  1473  "  EDITION  OF  1  NOV  68  IS  OBSOLETE 


UNCLASS 


SECURITY  CLASSIFICATION  OF  THIS  PAGE  (When  Data  EntetedS 


i^eJAumubA-i  jr irtnii  i  •  iiMiiM 


ABSTRACT 


This  report  reviews  the  available  literature  concerning  the  reada¬ 
bility  of  electronic  displays*  The  doe inant  human  factor  parameters 
that  affect  display  readability  are  discussed*  and  optimum  values  for 
the  various  parameters  are  presented.  Since  there  is  interaction  be¬ 
tween  many  parameters,  the  value  of  any  one  depends  upon  the  value  of 
the  others. 

The  final  section  of  this  report  briefly  points  out  the  advantages 
and  disadvantages  associated  with  the  use  of  cathode  ray  tubes,  light 
emitting  diodes,  and  gas  discharge  panels. 
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INTRODUCTION 

The  technological  advances  in  the  field  of  electro-optics  over  the 
past  twenty  years  has  led  to  the  expanded  use  of  electronic  displays 
for  the  presentation  of  a  wide  variety  of  information.  Cathode  Ray 
Tubes  (CRT),  Light  Emitting  Diodes  (LED),  Liquid  Crystals  (LCD),  Gas 
Discharge  Panels,  and  other  types  of  light  emitting  displays  are  being 
used  for  information  displays  varying  from  single  character  displays  to 
those  with  40  or  sore  lines  of  data  to  saps  and  pictures. 

Far  any  display  to  be  useful,  the  information  that  it  displays 
must  be  readable.  This  paper  discusses  the  sore  important  human  factor 
parameters  affecting  the  readability  of  electronic  displays.  The  domi¬ 
nant  parameters  are  divided  into  categories  of  display  design,  man- 
machine  interface,  and  the  environmental  factors.  The  last  section  of 
this  paper  briefly  discusses  the  advantages  and  disadvantages  of  the 
different  types  of  displays. 

It  will  be  emphasized  that  the  parameters  are  not  independent  of 
one  another.  Altering  one  parameter  may  have  an  effect  on  one  or  more 
other  parameters  (l.e.,  decreasing  character  size  may  decrease  resolu¬ 
tion  also).  Conversely,  if  one  parameter  cannot  be  changed,  one  or  more 
of  the  others  may  be  altered  to  get  the  same  resultant  readability  (l.e., 
if  character  size  is  fixed,  increasing  resolution  or  decreasing  viewing 
distance  will  improve  readability). 

Since  the  bulk  of  displayed  information  is  alphanumeric,  the  dis¬ 
cussion  will  be  restricted  to  alphanumeric  displays. 

DISPLAY  DESIGN  CHARACTERISTICS 

Many  of  the  factors  which  can  affect  readability  of  a  display  ars 
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Intrinsic  to  ths  display  machinery.  Factors  such  as  character  size, 
resolution,  and  font  are  designed  into  the  display)  once  the  equipment 
is  Installed,  these  factors  generally  cannot  be  altered.  The  best  tine 
to  consider  these  very  lapertant  human  factors  is  while  designing  the 
display  or  when  shopping  for  a  display. 

Symbol  size 

The  size  of  the  displayed  character  is  probably  the  sost  important 
readability  factor.  Symbol  size  may  be  measured  by  subtended  angle  (or). 
Subtended  angle  allows  for  differences  in  viewing  distance1,  by  measuring 
character  height  (k)  relative  to  viewing  distance  (D). 

U 

tan  tx  ,  min  of  arc  •  -~ 

By  knowing  the  viewing  distance  and  the  appropriate  subtended  angle. 

the  appropriate  character  size  nay  be  selected. 

Considerable  research  has  been  conducted  to  determine  the  optimum 

subtended  angle.  Restats  vary,  but  there  is  a  general  consistency. 

See  Table  1  for  values  of  subtended  angle  for  "near  error  free"  reading. 

These  findings  agree  generally  with  the  current  design  standards 
2 

of  10-15  min.  of  arc.  Note  that  the  more  recent  research  has  empha¬ 
sized  the  effects  of  other  parameters  such  as  illumination,  blur,  reso¬ 
lution.  and  glare  on  the  optimum  subtended  angle.  Under  good  conditions 
15  minutes  of  are  will  be  readable,  but  as  the  conditions  worsen,  the 
subtended  angle  must  increase  upwards  to  as  much  as  35  minutes. 
Resolution 

Resolution  is  the  number  of  dots  per  character  height  (for  dot 
matrix  displays)  or  the  number  of  lines  per  character  height  (for  ras¬ 
ter  type  CRT's).  For  CRT's  the  minimum  recommended  resolution  is  10 
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Table  1 


Soae  Rec au end&t ions  of  Displayed  Alphanumeric  Characters* 


Reference 


Subtended  Angle,  nlnutes  of  arc 


Minimal  Normal  acuity 
(Snellen  E  Chart) 

"Reasonable**  size 

(Murrell,  19651  Fletcher,  1972) 

Electronic  Displays 
(Shurtleff,  196? »  Could,  1968) 

"Iaage  size" 

(H.E.G.i  1972) 

"Preferred"  size 
(Duncan  and  Konzi  1974) 

MIL- STD- 1742  (1974) 

General  Labels,  good  viewing 

Non- critical  Data 

Critical  Data 


12-15 


12-20 


high  lusinar.ee 


low  lusinance 


12-25 

25-37 


"Miniaus  recosa ended” 
(Buckler,  1977) 

Good  Conditions 


Degraded  Conditions 


21-25 


♦(Portions  of  this  Table  adapted  froa  Saith,  1978)4 


lines  per  symbol  height.-*  for  dot  aatrlx  displays  *7x9  matrix  (7 
wide  sad  9  high)  1*  superior  to  *  5  x  7  aatrlx.  A  3  x  5  matrix  has  too 

3 

little  resolution  sad  esanot  be  read  easily. 

Symbol  sis*  and  resolution  are  closely  related.  As  the  resolution 
increases,  the  symbol  sis*  required  to  maintain  good  readability  de¬ 
creases.^  ‘Thus,  optimum  resolution  say  be  described  best  In  combination 
with  symbol  size.  Under  good  viewing  conditions  the  greater  of  10  lines/ 
character  or  15  alnutes  of  arc  is  recommended)  but  with  poor  viewing 
conditions  use  16  lines  or  21-25  minutes. J 
Percent  active  area 

Percent  active  area  Is  that  portion  of  the  symbol  that  is  actually 

emitting  light.  It  is  defined-*  by  /Emitter  size  \  2  x  100.  increase 

l  Emitter  spacing 

the  active  area  by  Increasing  emitter  size  or  decreasing  the  spacing 
between  emitters.  Decrease  dot  spacing  by  increasing  resolution  or  by 
decreasing  character  sis*. 

Large  dimmer  emitters  are  mar*  legible  than  small  bright  ones.^ 

Dot  elongation  adversely  affects  readability  so  round  or  square  dots 
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are  more  effective  than  rectangular  or  elongated  dots. 

To  make  the  dots  run  together  and  appear  as  a  continuous  line,  the 
spacing  between  the  dots  should  subtend  no  sore  than  1  sin.  of  aro,^ 

One  alnute  of  are  is  the  a in la urn  spacing  that  the  normal  human  eye  can 
perceive  so  anything  less  will  be  Imperceptible. 

Character  generation 

There  are  essentially  three  sethods  for  generating  alphanumeric 
characters  In  electronic  displays.  These  methods  are  the  following) 


1.  raster  type  CUT’S 


2*  dot  matrix 

3*  segmented  bar  matrix* 

For  roadability ,  ramtmr  ganarally  im  thm  bast  mathod  baeauaa  it 
provides  tha  greatest  resolution  at  a  reasonable  price.  IB  a  dot  matrix 
am  tha  number  of  dots  in  tha  matrix  increases,  tha  readability  laprovee. 
However,  aa  acre  dots  are  added,  tha  character  alma  increases,  and  tha 
number  of  characters  being  display ad  must  decrease,  or  the  display  slse 
must  increase* 

For  readability,  dot  matrix  symbols  are  superior  tc  segmented  bar 
4 

generated  symbols*  A  reasonably  priced  segmented  bar  matrix  cannot 
closely  approximate  the  alphanumeric  characters.  This  problem  diminishes 
as  the  number  of  salients  increases,  but  the  character  sise  also  increases 
with  the  addition  of  mare  segments.  The  number  of  segments  used  generally 
is  limited  by  cost  and  display  alss. 

Font 

Font  is  the  shape  and  geometry  of  the  alphanumeric  characters. 

For  electronic  displays  the  font  must  be  simple,  without  serifs  and  ital¬ 
ics*  Only  upper  ease  letters  should  be  used  for  dot  matrix  and  segmented 
bar  displays These  limitations  are  imposed  because  of  the  limitations 
of  the  character  generation  methods  mentioned  above. 

For  electronic  displays,  the  Leroy  Font  (Fig*  1)  is  the  most  widely 
accepted* ^  Other  widely  accepted  fonts  are  the  Military  Specification 
MIL-M-18012  and  Lincoln/Mitre.3 

Slanting  characters  are  more  difficult  to  read  than  upright  charac¬ 
ters.^ 
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Stroke  width- 1  o-height 

Stroke  width- to-height  also  is  dictated  by  symbol  generation  tech¬ 
nique  and  resolution.  For  exaaple  a  7  x  9  dot  matrix  will  have  a  stroke 
width- to-height  ratio  of  It?  (i.e.,  It  is  important  that  the  ratio 

not  becoae  too  small  or  the  character  stroke  will  blur  or  run  together. 

Sharr  recommends  l4j(  as  a  minimus  ^  and  Buckler  recommends  a  range  of 
3 

10-175*.  Note  that  as  the  stroke  width- to-height  ratio  increases,  so 
must  resolution. 

Symbol  spacing 

Symbol  spacing  is  the  distance  between  the  beginning  of  &  charac¬ 
ter  and  the  end  of  the  proceeding  character.  A  wide  range  of  acceptable 
spacing  values  have  been  reported  (from  255*  to  2005*  of  symbol  width). 

Kone  and  Duncan  recommend  755*  as  a  maximum  because  legibility  decreases 
beyond  this.  Buckler  recommends  a  range  of  26-635*. 

Color 

For  economic  reasons  most  displays  are  monochromatic.  Combination 
of  colors  say  be  used  effectively  for  color  coding  data  and  to  enable 
more  information  to  be  displayed  at  once.  When  using  aultieolor  displays, 
care  must  be  taken  to  provide  good  contrast  between  all  colors  and  be¬ 
tween  the  symbols  and  the  background. 

Contrast 

Generally,  the  higher  the  contrast  between  symbols  and  the  back¬ 
ground,  the  better  the  readability.  Direct Ira  of  contrast  (light  on 
dark  or  dark  on  light)  is  insignificant  in  sost  cases. ^ 

Luminance  modulation,  M,  is  a  mean  of  defining  contrast 1 


where  L  *  brightest  luminance  (i.e. t  symbol) 

D  “  dimmest  luminance  (i.e.,  background) 

This  equation  may  be  modified  to  allow  for  the  effects  of  ambient  luai- 

7 

nance.  The  modified  equation  is  as  follows  t 

(Lt  +  L#)  -  (Dt  +  L#)  _  Lt  -  D1 
M  "  (Ll  ♦  L#)  +  (D*  +  L#)  “  +'  Dl  +  2  L# 

where  -  internally  produced  symbol  luminance 

-  internally  produced  background  luminance 
L  -  reflected  ambient  luminance 

7 

Howell  and  Kraft,  cited  by  Snyder/  recommended  a  modulation  of  .94  with 
.68  acceptable  for  character  sizes  less  than  l6  min.  of  arc.  Snyder^  con¬ 
cluded  that  readability  would  be  good  as  long  as  the  symbol  subtends  at 
least  10.8  min.  of  arc  if  modulation  was  at  least  .78. 

MAN-MACHINE  INTERFACE 

Han-machine  interface  refers  to  those  factors  that  must  be  consid¬ 
ered  to  link  together  the  man  and  machine.  Unlike  the  design  factors, 
these  factors  may  be  changed  once  the  display  is  installed  in  order  to 
optimize  readability. 

Viewing  distance 

By  defining  character  size  in  terms  of  subtended  angle,  viewing 
distance  has  been  Included.  Cnee  the  actual  character  size  is  deter¬ 
mined,  optimum  viewing  distance  may  be  determined  from  the  optimum  sub¬ 
tended  angle.  When  viewing  display  terminals,  viewing  distances  of  35 

Q 

to  50  cm  are  preferred. 

Optimum  subtended  angle  is  not  completely  independent  of  viewing 
distance.  Characters  being  viewed  from  less  than  1  meter  require  a 
slightly  larger  subtended  angle  than  those  viewed  at  a  greater  distance.2 
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This  Is  piles  using  subtended  angles  from  the  upper  range  of  values  when 
viewing  distance  Is  less  than  1  seter. 

Viewing  angle 

Viewing  angle  refers  to  the  line  of  sight  relative  to  a  perpendicu¬ 
lar  to  the  display  screen.  The  acceptable  viewing  angle  for  good  reada¬ 
bility  Is  affected  by  other  factors  such  as  asblent  illumination,  screen 
curvature,  use  of  lenses,  contrast,  resolution,  and  character  size.  Because 
of  the  many  other  factors  affecting  it,  there  is  a  relatively  wide  range  of 
acceptable  viewing  angles  for  good  readability,  but  30  is  the  recommended 
maximum  angle. ^  The  most  comfortable  viewing  angle  is  15°  (viewing  from 

Q 

above). 

Visual  acuity 

Viewing  an  electronic  display  Is  quite  different  from  reading 
printed  material.  Persons  who  normally  do  not  have  an  acuity  problem 
nay  experience  some  difficulties  viewing  electronic  displays  because  of 
the  different  luminance  levels,  flicker,  contrast,  character  generation, 
resolution,  etc.  If  a  person  is  to  spend  an  appreciable  amount  of  time 
viewing  electronic  displays.  It  is  advisable  that  the  person's  visual 
acuity  be  checked  under  these  viewing  conditions,  and  appropriate  correc¬ 
tive  lenses  be  provided  if  necessary,  a  solution,  especially  for  people 
viewing  electronic  displays  all  day,  is  to  provide  then  with  a  pair  of 
"work  glasses.”  These  glasses  would  bo  ground  for  the  specif lc  focal 
length  used  at  the  viewing  task.  That  is,  if  the  person  views  the  display 
from  20  inches,  the  corrective  lenses  would  be  designed  for  a  focal  length 
of  20  Inches, 

Persons  who  wear  bifoeals  especially  should  be  provided  with  work  glas¬ 
ses.  Bscauss  of  the  way  bifocals  are  designed,  the  viewer  oust  look  out  of  the 
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top  or  bottom  half  of  tho  glasses  when  viewing  the  display*  This  causes 

the  viewer  to  hold  his  head  in  an  unnatural  position  for  extended  periods* 

o 

resulting  in  ausele  aches  and  fatigue. 

If  displays  use  color  coding*  then  color  weakness  nay  be  a  problaa* 
Color  weakness  nornally  occurs  only  in  sales  and  may  be  detected  with  a 
staple  test*  Avoid  using  red  and  green  or  yellow  and  blue  in  pairs* 
arviRcamafT 

The  primary  environmental  parameter  affecting  readability  of  elec¬ 
tronic  displays  is  lighting  (placement*  intensity*  and  type).  Walls* 
floors*  ceilings*  and  other  equipment  and  their  location*  reflectance, 
and  contrast  relative  to  the  work  area  also  are  primary  considerations. 
There  are  many  other  environmental  factors  such  as  temperature*  vibra¬ 
tion*  and  obscurations  which  also  nay  affect  the  readability  of  displays* 
Sach  work  area  will  have  its  own  unique  set  of  environmental  considera¬ 
tions  that  must  be  analyzed  for  that  particular  display.  Only  the  ef¬ 
fects  of  lighting  and  surface  reflectances  will  be  discussed  here. 

Lighting 

Ambient  illumination  levels  affect  how  well  a  display  may  be  read* 
The  contrast  between  display  luminance  and  ambient  luminance  is  the 
parameter  whloh  must  be  controlled.  This  ratio  may  be  defined  as  follows t 

v»A 

where  F  -  surround  factor 

B 

B  •  ambient  luminance 

B 

B^-  display  luminance 

Readability  is  best  under  moderate  ambient  luminosities  when  0,1 
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F  <  1*0,  Readability  is  poor  whan  T  <  0.1  i where  aabieat  luminosi- 

9  9 

tie*  are  low)  and  when  F  >  1.0  (where  ambient  luninoeitiee  are  high).10 

9 

7 

Oetberg'  recommends  0. 1<  r_<  1.0. 

8 

Another  problem  with  ambient  lighting  is  glare  and  its  masking  ef¬ 
fect.  Light  refleeted  from  the  display  will  blur,  dim,  obscure,  or 
otherwise  mask  the  display  data  making  it  difficult  to  read.  The  best 
way  to  control  this  effect  is  to  control  the  level  and/or  direction  of 
ambient  luminance. 

As  mentioned  previously,  dim  display  luminance  is  preferable  to 
bright  displays  because  brighter  symbols  have  edge  blurring  and  tend  to 
run  together.  With  this  in  mind,  ambient  luminance  should  be  kept  low 
also.  When  the  display  must  be  located  in  an  area  where  luminance  levels 
must  be  relatively  high  to  permit  other  types  of  work,  the  display  and 
the  operator  can  be  shielded  from  direct  light  to  improve  readability. 
Where  displays  cannot  be  shielded  effectively  (such  as  displays  out  of 
doors),  filters  may  be  installed  an  the  screen  to  reduce  the  amount  of 
light  reflected  by  the  display.  By  reducing  the  amount  of  light  re¬ 
flected,  the  contrast  modulation  (M)  is  increased,  which  is  desirable. 

The  work  area 

The  color  and  reflections  of  all  surfaces  (both  in  the  immediate 
work  area  and  the  surroundings)  will  have  an  effect  on  glare  and  the 
contrast  between  the  display  and  its  surroundings. 

Glare  may  be  reduced  by  assuring  low  rsflectlvity  of  all  surfacss 
and  by  shielding  the  display  and  the  operator  from  the  reflective  ef¬ 
fects. 

Ths  colors  umsd  in  a  room  will  affect  the  aaount  of  ambient  illtai- 
nmtioo  present.  Light  colors  end  diffused  light  will  provide  sore  even 
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room  Illumination  and  eliminate  shadows.  Faatals  and  light  gray  are 
recommendations  for  surface  reflectance.^  All  surfaces  should  be  of  a 
color  and  material  so  as  to  reduce  specular  reflection  (i.e.,  reflected 
glare). 

Table  2  is  a  general  reference  for  colors  to  be  used  to  provide 
appropriate  reflectance.^ 

If  colored  displays  are  being  used,  then  care  must  be  taken  with 

0 

the  selection  of  the  luminaires,  since  the  lamps  say  produce  different 
color  effects. 

Much  can  be  done  in  office  layout,  landscaping,  and  luminaire  se¬ 
lection  and  placement  to  facilitate  improved  display  readability. 

TYPES  OF  DISPLAYS 

The  discussion  here  will  focus  on  the  relative  advantages  and  dis¬ 
advantages  of  the  three  major  types  of  electronic  displays  (CRT,  LED 
and  LCD,  and  gas  discharge). 

CRT's  (cathode  ray  tubes)  have  an  advantage  because  they  have  been 
in  use  the  longest.  Research  and  development  through  the  years  has 
provided  a  broad  base  of  application  for  the  CRT.  The  primary  advan¬ 
tages  of  using  CRT's  are  high  writing  speed,  high  resolution,  simple 
addressing,  full  color  capabilities ,  full  range  of  gray  scales,  storage, 
large  range  of  screen  size,  and  high  luminous  efficiency. **  Disadvan¬ 
tages  of  CRT  use  include  bulkiness  of  the  equipment,  curvature  of  the 
screen,  high  voltage  required,  relatively  delicate  equipment  (vacuum 
tube),  and  limitations  of  maximum  screen  size. ** 

The  development  of  CRT  flat  panels  will  help  alleviate  the  problems 
associated  with  bulk,  screen  curvature,  high  voltage  requirement,  and 
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ruggadnses  of  the  equipment. 

LED  (light  emitting  diode)  and  LCD  (liquid  crystal)  displays  cur¬ 
rently  dominate  the  small  display  markets  such  as  hand  held  calculators. 
Advantages  of  these  displays  a re  their  long  life  and  very  low  driving 
voltage  requirements.  The  number  of  characters  per  unit  area  displayed 
is  limited  due  to  the  character  size.  Because  low  resolution  and  charac¬ 
ter  generation  limits  the  readability  of  LED  and  LCD  displays,  the  charac¬ 
ters  must  be  relatively  large,  thus  limiting  the  number  of  characters  per 
unit  area  being  displayed. 

Gas  discharge  displays  are  relatively  new  in  the  field  of  electronic 

displays,  but  they  are  challenging  both  the  CRT  and  LED  markets.  The 

driving  voltage  for  gas  discharge  is  around  40v  as  compared  to  l?0v  for 
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CRT  and  5v  for  LED.  Because  of  this  relatively  high  voltage  require¬ 
ment,  gas  discharge  displays  are  not  portable.  The  initial  investment 
far  gas  discharge  is  considerably  higher  than  far  LED.  On  the  other 
hand,  gas  discharge  panels  can  provide  better  resolution  and  smaller 
character  size  than  the  LED.  Because  it  is  still  very  difficult  to  sake 
very  small  discharge  dots,  the  gas  discharge  panels  must  be  relatively 
large  compared  to  a  CRT  displaying  the  same  amount  of  information.  How¬ 
ever,  the  maximum  size  of  the  gas  discharge  screen  is  not  limited  as 
the  CRT  is.  Finally  the  gas  discharge  panel  is  such  thinner  and  mare 
rugged  than  the  CRT. 

Da  summary,  LED  and  LCD  displays,  because  of  low  operating  cost, 
ruggedness,  and  portability,  have  the  advantage  when  only  *  snail  nuaber 
of  characters  nssd  be  displayed  at  once.  CRT's  provide  good  readability 
for  large  amount#  of  data  on  relatively  email  screens.  They  also  provide 


a  wide  selection  of  display  types  such  as  color,  screen  also,  aaaory, 
drive  aachanlaaa,  etc.  The  gas  discharge  is  a  promising  new  display 
that  challenges  the  CRT  in  that  it  is  aore  rugged,  leas  bulky,  and  say 
provide  fear  larger  display  screens. 

Concilia  ion 

Only  the  acre  don  in  ant  human  factor  considerations  have  been  dis¬ 
cussed  here.  There  are  other  factors  such  as  vibration,  climate,  and 
oral  and  visual  distractions  that  also  may  affect  readability.  When 
installing,  remodeling,  or  buying  an  electronic  display,  attempt  to 
identify  the  factors  that  will  affect  the  optimum  use  of  the  display. 
The  human  factors  then  must  be  taken  ccnposltely  and  balanced  against 
other  nonhuman  factors  such  as  coats  (of  remodeling,  of  different  dis¬ 
play  types,  power,  etc.),  management  and  personnel  preferences,  and 
availability  of  equipment  to  obtain  the  best  equipment  and  work  area 
layout  that  will  maximise  the  benefits  of  the  display. 
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